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Perceptual organization, which refers to the ability to integrate fragments of stimuli to
form a representation of a whole edge, part, or object, is impaired in schizophrenia. A
contour integration paradigm, involving detection of a set of Gabor patches forming an oval
contour pointing to the right or left embedded in a field of randomly oriented Gabors, has
been developed for use in clinical trials of schizophrenia. The purpose of the present study
was to assess contributions of early and later stages of processing to deficits in contour
integration, as well as to develop an event-related potential (ERP) analog of this task.
Twenty-one patients with schizophrenia and 28 controls participated. The Gabor elements
forming the contours were given a low or high degree of orientational jitter, making it either
easy or difficult to identify the direction in which the contour was pointing. ERP results
showed greater negative peaks at ∼165 (N1 component) and ∼270ms for the low-jitter
versus the high-jitter contours, with a much greater difference between jitter conditions
at 270ms. This later ERP component was previously termed Ncl for closure negativity.
Source localization identified the Ncl in the lateral occipital object recognition area. Patients
showed a significant decrease in the Ncl, but not N1, compared to controls, and this
was associated with impaired behavioral ability to identify contours. In addition, an earlier
negative peak was found at ∼120ms (termed N120) that differentiated jitter conditions,
had a dorsal stream source, and differed between patients and controls. Patients also
showed a deficit in the dorsal stream sensory P1 component. These results are in accord
with impairments in distributed circuitry contributing to perceptual organization deficits
and provide an ERP analog to the behavioral contour integration task.
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INTRODUCTION
Visual integration, also referred to as “perceptual organization,”
is impaired in schizophrenia (Silverstein and Keane, 2011). Visual
integration is defined as the processes linking the output of neu-
rons, which individually code local (typically small) attributes
of a scene, into a global (typically larger) complex structure
more suitable for guidance of behavior (Butler et al., 2008).
Integration is important for gestalt grouping and object recog-
nition. The importance of visual integration impairments is
underscored by inclusion of this domain as a core construct
in the Cognitive Neuroscience Treatment Research to Improve
Cognition in Schizophrenia (CNTRICS) initiative (Green et al.,
2009; Butler et al., 2012; Silverstein et al., 2012).
Visual integration deficits are seen on a number of tasks in
schizophrenia including contour integration (Silverstein et al.,
2000, 2006, 2012; Uhlhaas and Silverstein, 2005; Kozma-Wiebe
et al., 2006; Silverstein and Keane, 2011), coherent motion
(Chen, 2011), object recognition from fragmented line drawings
(Doniger et al., 2002; Sehatpour et al., 2010), grouping accord-
ing to proximity or color similarity (Kurylo et al., 2007), and
configural processing of faces (Silverstein et al., 2010). A salient
aspect of these studies is that they do not appear to be due to a
“general deficit,” in that patients perform more accurately than
controls when the task relies on judgments about individual fea-
tures or when grouping interferes with isolating or processing
single features (Place and Gilmore, 1980; Silverstein and Keane,
2011).
The present paper focuses on a visual integration paradigm
that has been widely used in schizophrenia—contour integration
(Field et al., 1993; Silverstein et al., 2000, 2006, 2012; Uhlhaas and
Silverstein, 2005; Kozma-Wiebe et al., 2006; Silverstein and Keane,
2011). This task involves viewing Gabor patches that are arranged
to form an oval that points to the right or left within a field of
randomly-oriented noise Gabor patches (Figure 1). The Gabor
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FIGURE 1 | Stimuli. The top panel shows the two basic shapes that the participants discriminated. The bottom two panels show examples of low- and
high-jitter stimuli.
signals roughly model the receptive field properties of cells in
the primary visual cortex (V1). Importantly, the embedded figure
cannot be detected by purely local filters or by neurons with large
receptive fields corresponding to the size of the contour (Dakin
and Hess, 1998). Thus, the contours are thought to be detected
by relying on long-range connections and/or reentrant feedback
fromV2 or higher areas to produce grouping, and to enhance rep-
resentation of global shape, especially in the presence of noise
(Silverstein and Keane, 2011). There is also some, albeit more
inconsistent, evidence for bottom-up contributions to perceptual
integration deficits in schizophrenia from studies of contour link-
ing over short distances (Spencer et al., 2003; Keri et al., 2005).
Indeed, an fMRI study of contour integration found impairment
in a distributed network that includes occipital areas as well as
prefrontal, parietal, and ventral temporal areas in patients with
schizophrenia (Silverstein et al., 2009).
There is, however, a paucity of information regarding the
contributions of early and later stages of visual processing to con-
tour integration in controls and to their impairments in patients
with schizophrenia. Event-related potentials (ERPs) are ideally
suited to assess different stages of processing due to their high
temporal resolution. Previous ERP studies have looked at visual
integration in other paradigms such as perceptual closure, which
involves identification of fragmented objects (Doniger et al.,
2002; Sehatpour et al., 2010). Patients with schizophrenia showed
impairment of early-stage sensory processing in this task, as seen
by decreased amplitude of dorsal visual stream P1, which occurs
at ∼100ms. There is extensive cross-connectivity between brain
regions including dorsal and ventral stream areas (Rosa et al.,
2009). Information conveyed by the dorsal stream P1 contributes
to later stages of processing in the ventral stream lateral occip-
ital complex (LOC) involved in perceptual closure. The ERP
signature of perceptual closure, which has been termed closure
negativity (Ncl), occurs at ∼300ms, is impaired in schizophrenia,
and has been found to have a source in LOC (Doniger et al., 2002;
Sehatpour et al., 2010).
An ERP study, to our knowledge, has not been previously car-
ried out to examine contour integration as described here. The
present study assessed the P1, N1, and the closure potential Ncl
in a contour integration task. While the P1 and N1 occur close
in time to each other, peaking at ∼100 and ∼170ms, respec-
tively, they reflect very different processes. The P1 has dorsal and
ventral stream extrastriate visual cortex sources (Martinez et al.,
1999; Di Russo et al., 2003), whereas the N1 appears to reflect pri-
marily ventral stream sources (Allison et al., 1999; Bentin et al.,
1999; Doniger et al., 2000). Though additional dorsal stream
sources have been demonstrated for the N1 (Sehatpour et al.,
2006; Novitskiy et al., 2011), dorsal involvement of N1 is less pro-
nounced than for P1. The P1 is a sensory component, whereas
the N1 reflects an initial stage of perceptual processing involving
general feature discrimination. For instance, the N1 is larger in
response to easy versus difficult to identify shapes, unlike the P1
(Foxe et al., 2005).
Sensory and feature discrimination processes both contribute
to later stages of object recognition processing in LOC. This study
provides information about contributions of different stages of
processing to contour integration impairment in schizophrenia.
In addition to assessing these components, a negative component
was found that peaked at∼120ms, which we termed N120.While
a behavioral version of this task has recently been optimized and
validated for use in clinical trials and fMRI studies as part of the
CNTRICS initiative (Silverstein et al., 2012), this study provides
an initial exploration of an ERP analog of this task that could be
further developed for use in clinical trials.
We hypothesized that the P1 component would not be sensi-
tive to easy versus difficult to identify contours (i.e., low versus
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high jitter) but that the later components, particularly the Ncl,
would show a differential response to these conditions. In addi-
tion, we hypothesized that patients would show a decrease in P1
and Ncl components, but not N1, compared to controls.
MATERIALS AND METHODS
PARTICIPANTS
Participants consisted of 21 patients meeting Diagnostic and
Statistical Manual of Mental Disorder (DSM-IV) criteria for
schizophrenia (n = 15) or schizoaffective disorder (n = 6) and
28 healthy volunteers. Patients were recruited from inpatient and
outpatient facilities associated with the Nathan Kline Institute
for Psychiatric Research. Diagnoses were obtained using the
Structured Clinical Interview for DSM-IV (SCID) (First et al.,
1997) and all available clinical information. Controls were
recruited through the Volunteer Recruitment Pool at the Nathan
Kline Institute. Healthy volunteers with a history of SCID-defined
Axis I psychiatric disorders were excluded. Patients and controls
were excluded if they had any neurological or ophthalmologic dis-
orders that might affect performance or met criteria for alcohol or
substance dependence within the last six months or abuse within
the last month. All participants had 20/32 or better corrected
visual acuity on the Logarithmic Visual Acuity Chart (Precision
Vision, LaSalle, IL). This study was approved by the Nathan Kline
Institute for Psychiatric Research/Rockland Psychiatric Center
and Rockland County Department of Mental Health Institutional
Review Board and all participants provided informed consent
according to the Declaration of Helsinki.
Groups did not differ significantly in age (patients,
36.8 ± 10.5 y; controls, 35.8 ± 11.8 y; p = 0.76) or gender
(patients, 20 males, 1 female; controls, 22 males, 6 females,
p = 0.21). As expected, patients had significantly lower IQ
(patients, 92.5 ± 8.1; controls, 105.6 ± 12.9, p < 0.001)
(Ammons and Ammons, 1962) and education (patients,
11.3 ± 1.4 y; controls, 14.3 ± 2.0 y, p < 0.001). Individual IQ
data were missing for one patient. Patients were ill for a mean
of 13.5 ± 10.2 years and were receiving a mean antipsychotic
dose equivalent to 988.59 ± 460.4mg CPZ per day. Duration
of illness data were missing for two patients. Mean Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987) 5-factor
scores (Lindenmayer et al., 1994) for Positive, Negative, and
Cognitive (Disorganized) factors were 3.2 (mild to moderate)
2.5 (minimal to mild), and 2.2 (minimal to mild), respectively.
PANSS data could not be obtained for one patient.
STIMULI
Stimuli were obtained from Silverstein and colleagues (Kozma-
Wiebe et al., 2006; Silverstein et al., 2009). The carrier spatial
frequency of the Gabor patches was 5 cycles/degree and their con-
trast was approximately 95%. The stimuli consisted of a closed
chain of Gabor patches forming an egg-like shape within a back-
ground of randomly oriented Gabor stimuli. The spacing between
the contour elements was kept constant (8λ; where λ is the
wavelength of the Gabor stimulus) as was the average spacing
between the background elements. The  value (average adja-
cent background element spacing: contour element spacing) of
each image was 0.9. By keeping the signal-to-noise ratio at a
constant level below 1.0, participants’ performance was a func-
tion of the adequacy of long-range interactions between spatial
filters; density cues could not be used to detect contours, as is
possible with values above 1.0 when contour elements are closer
together than background elements. Prior studies indicated that
at  = 0.9, chronic, state hospitalized schizophrenia patients are
able to detect contours accurately in the absence of orientational
jitter (Silverstein et al., 2000, 2006). Two orientation levels were
used: 7–8◦ (low jitter) and 27–28◦ (high jitter) (Figure 1). This
resulted in a small misalignment of the contours in the low-jitter
condition and a much greater misalignment in the high-jitter
condition. There were 40 stimuli for each jitter level, and these
were divided evenly between left- and right- pointing egg-shaped
ovals, for a total of 80 stimuli. The egg-shaped ovals were always
roughly in the center of the image, although each contour varied
slightly in size, local and global curvature, and spatial location.
Stimuli were presented on a Phillips CRT monitor located 114 cm
from the participants. Visual angle was 9.5 × 7 degrees. The mean
luminance of the monitor was 65 cd/m2.
PROCEDURE
The 80 stimuli were intermixed randomly and shown for 250ms
each with an interstimulus interval (ISI) of 2000ms. Participants
were instructed to look at the center of the screen, and to press the
left or right mouse button if the contour pointed toward the left
or right, respectively. Practice trials were given with the low-jitter
stimuli in blocks of twenty trials until participants scored above
chance on at least one block. During the ERP experiment, all 80
unique stimuli were viewed once in each block, and the blocks
were approximately 3min long. Eight blocks were conducted
overall, allowing participants to view 320 trials each of low- and
high-jitter stimuli. Participants were periodically prompted to
stay focused. The behavioral outcome measure was the percent
of correct responses.
DATA ACQUISITION
High-density continuous EEG was acquired from 64 surface elec-
trode sites that were arranged equidistant from each other, using
the ANT/Duke layout and EEProbe acquisition system (ANT,
Enschede, The Netherlands), along with digital stimulus timing-
tags. Data were digitized online at 512Hz. All data were recorded
relative to a common average reference (i.e., average of all elec-
trodes) online. Epochs (−100 to 400ms) were created off-line.
Data were baseline corrected from −100ms to stimulus onset
and an artifact rejection of ±120μv was applied to all elec-
trodes. Trials containing eye-movements, identified as deflections
of >10μV lasting >25ms appearing on both eye channels, were
rejected offline. The number of trials that survived artifact rejec-
tion for patients was 206 ± 68.9 and for controls was 255 ± 51.8
and was significantly different between groups (t(47) = 2.9, p =
0.006). Epochs were averaged for each participant for each jit-
ter condition. A spherical spline algorithm was implemented to
compute the current source density (CSD) of the EEG. The CSD
represents an improvement over more commonly used voltage
measures as it decreases the effects of volume conduction and acts
as a high-pass spatial filter, which reduces the overlap between
ERPs at different sites (Saron et al., 2003; Whitford et al., 2011)
www.frontiersin.org March 2013 | Volume 4 | Article 132 | 3
Butler et al. Schizophrenia: electrophysiology and contour integration
and has been used in previous schizophrenia studies (Whitford
et al., 2011; Kayser et al., 2012).
ERP COMPONENTS
CSD topography maps were used to select the electrode sites with
most prominent P1, N120, N1, and Ncl components. P1 wasmax-
imal over dorsal-occipital electrodes (right hemisphere: P4, P6,
PO8; left hemisphere: P3, P5, PO7), N120 over central electrodes
(P0z and Oz), and N1 and Ncl over lateral, ventral-occipital sites
(right hemisphere: P8, PO8, PO10; left hemisphere: P7, PO7, and
PO9). The mean CSD was obtained for each component over
specific latency windows (P1: 85–115ms; N120: 105–135ms; N1:
150–180ms; Ncl: 250–290ms). Grand average waveforms were
constructed separately for low and high jitter for patients and
controls. Figures show filtered waveform data (50Hz low-pass,
24 dB/octave roll-off).
STATISTICAL ANALYSIS
Between-group analyses for the behavioral measure (percent cor-
rect) and each ERP component (P1, N120, N1, or Ncl) were
performed separately using mixed-model analyses of variance
(ANOVAs) with group (patient, control) as the between-subjects
factor, and with jitter (low, high) and hemisphere (right, left
for ERP components) as within-subject factors. Relationships
between measures were assessed using Pearson correlation coef-
ficients. Behavioral data were not collected from 1 patient and
2 controls in the low-jitter condition and 2 patients and 2 con-
trols in the high-jitter condition. Effect sizes for ANOVAs are
reported as partial eta squared (η2p) to be consistent with past




Controls performed significantly better than patients [F(1, 43) =
12.7, p = 0.001, η2p = 0.228]. Both groups performed better
on the low-jitter condition than on the high-jitter condition
FIGURE 2 | Behavioral performance of controls and patients in
low- and high-jitter conditions. ∗p < 0.05, ∗∗p < 0.005.
[F(1, 43) = 198, p < 0.001, η2p = 0.822] (Figure 2). There was
also a significant group × jitter interaction [F(1, 43) = 4.1, p =
0.049, η2p = 0.087], with a greater between-group difference in
the low- than high-jitter condition.
ELECTROPHYSIOLOGY RESULTS
P1
P1 CSD was significantly reduced in patients compared to con-
trols [F(1, 47) = 8.7, p = 0.005, η2p = 0.156] (Figure 3). Group ×
jitter [F(1, 47) = 1.5, p = 0.23, η2p = 0.031] and group × jitter ×
hemisphere [F(1, 47) = 1.96, p = 0.16, η2p = 0.04] interactions
were not significant, reflecting similar P1 CSD to low- and high-
jitter stimuli. There was no significant group× hemisphere inter-
action [F(1, 47) = 0.08, p = 0.78, η2p = 0.002] or main effect of
hemisphere [F(1, 47) = 2.1, p = 0.15, η2p = 0.043].
N120
There was a significant main effect of jitter [F(1, 47) = 4.4,
p = 0.04, η2p = 0.085], indicating differential activity across
groups to low- versus high-jitter stimuli (Figure 4). A signifi-
cant group × jitter interaction was also found [F(1, 47) = 4.1,
p = 0.05, η2p = 0.081], indicating lack of differential CSD to
low versus high jitter in patients [F(1, 20) = 0.001, p = 0.97,
η2p < 0.001] but differential CSD to the jitter conditions in con-
trols [F(1, 27) = 11.5, p = 0.002, η2p = 0.298, a large effect size;
(Pallant, 2007)].
N1
N1 amplitude was not significantly different between groups
[F(1, 47) = 0.9, p = 0.34, η2p = 0.019] (Figure 5). Group× hemi-
sphere [F(1, 47) = 0.29, p = 0.59, η2p = 0.006], group × jitter
[F(1, 47) = 0.13, p = 0.71, η2p = 0.003], and group × jitter ×
hemisphere [F(1, 47) = 0.21, p = 0.65, η2p = 0.004] interactions
were not significant. However, the low-jitter condition produced
a more negative peak than the high-jitter condition [F(1, 47) =
17.19, p < 0.001, η2p = 0.268].
Ncl
There was a significant main effect of jitter [F(1, 47) = 47.8,
p < 0.001, η2p = 0.504], indicating differential activity across
groups to low- versus high-jitter stimuli (Figure 5). A signifi-
cant group× jitter interaction was also found [F(1, 47) = 8.2, p =
0.006, η2p = 0.148], indicating reduced differential activity to low
versus high jitter in patients [F(1, 20) = 8.1, p = 0.01, η2p = 0.288]
compared to controls [F(1, 27) = 51.5, p < 0.001, η2p = 0.656].
Group × hemisphere [F(1, 47) = 0.02, p = 0.884, η2p < 0.001],
jitter × hemisphere [F(1, 47) = 0.29, p = 0.59, η2p = 0.006], and
group × jitter × hemisphere [F(1, 47) = 0.76, p = 0.39, η2p =
0.016] interactions were not significant.
RESULTS FOR PARTICIPANTS PERFORMING AT 70 PERCENT CORRECT
OR BETTER
To assess whether the ERP results were due to difficulty of patients
in identifying the contour and/or to a general deficit, analyses
were also carried out with only those participants reaching at least
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FIGURE 3 | Event-related potential CSD responses to low- and
high-jitter stimuli from occipital electrodes (left hemisphere: P3, P5,
PO7; right hemisphere: P4, P6, PO8) for the P1 component. The
graphs indicate no significant differences between the jitter conditions in
either group. CSD maps at 100ms show the observed positivity (P1) in
controls and in patients for the low-jitter condition. The bar graph shows
significant differences between the groups in the responses to the
low-jitter stimuli. ∗p < 0.05.
70% correct in the behavioral low-jitter condition. This resulted
in the inclusion of 12 out of 21 patients and 22 out of 28 con-
trols. The general pattern of results was similar to that seen with
the entire cohort. For P1, CSD for patients was lower than con-
trols, with a trend for a significant difference between groups
[F(1, 32) = 3.9, p = 0.057, η2p = 0.109]. For N120, the significant
group × jitter interaction [F(1, 32) = 4.6, p = 0.04, η2p = 0.127]
remained, but the main effect of jitter was no longer signif-
icant [F(1, 32) = 0.5, p = 0.5, η2p = 0.015]. For N1, the main
effect of jitter remained significant [F(1, 32) = 12.2, p = 0.001,
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FIGURE 4 | Event-related potential CSD responses to low- and high-jitter
stimuli from occipital electrodes (P0z, Oz) in controls and patients for
the N120 component. The waveforms indicate small but significant
differences between the jitter conditions for controls but not for patients.
CSD maps at 120ms show the observed negativity (N120) in controls and
patients for the low-jitter condition. The bar graph shows significant
differences between the groups in the responses to low- versus high-jitter
stimuli. ∗p < 0.05.
η2p = 0.276]. For Ncl, a significant main effect of jitter was still
found [F(1, 32) = 47.8, p < 0.001, η2p = 0.599] as was a group
× jitter interaction [F(1, 32) = 4.5, p = 0.04, η2p = 0.123]. This
indicates that even when only participants who were clearly per-
forming the low-jitter task above chance were included, there was
still a large difference in Ncl response to low- versus high-jitter
stimuli overall and patients showed a reduced difference between
jitter conditions compared to controls. However, while the behav-
ioral deficit was less pronounced than when all participants were
included, patients still showed an impaired behavioral response to
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FIGURE 5 | Event-related potential CSD responses to low- and
high-jitter stimuli from occipital electrodes (right hemisphere: P8,
PO8, PO10; left hemisphere: P7, PO7, and PO9) in controls and
patients. CSD waveforms show a small difference in response to
low- versus high-jitter for the N1 component (blue shaded window)
and a much larger difference between conditions for the Ncl
component (purple shaded window). CSD maps at 270ms show the
observed difference in negativity between the low- and high- jitter
conditions for each group in the time-frame of the Ncl component.
The bar graph shows significant differences between the groups in
the responses to low- vs high-jitter stimuli for the Ncl component.
∗p < 0.05, ∗∗p < 0.005.
low- [t(32) = 2.1, p = 0.045, effect size Cohen’s d = 0.75 standard
deviation units] and high-jitter [t(31) = 2.2, p = 0.046, effect size
Cohen’s d = 0.95 standard deviation units] conditions compared
to controls.
SOURCE ANALYSIS
Inverse dipole modeling was carried out on the grand average
waveforms using the brain electrical source algorithm (Scherg,
1990). Models were constructed with three sets of paired dipoles
www.frontiersin.org March 2013 | Volume 4 | Article 132 | 7
Butler et al. Schizophrenia: electrophysiology and contour integration
with each set constrained to be symmetrical in location but not
orientation, over restricted time intervals corresponding to the
components of interest. Dipole locations were calculated based
on control data and subsequently applied to patient results. The
P1 component was fitted to a window of 85–115ms account-
ing for 97% of the variance in controls and 96% in patients.
The generator sources were localized to extrastriate Brodmann
Area 18 (V2-V3) (Tailarach coordinates: x, ±18; y, −89; z, 13).
The N120 component was fitted to a window of 115–135ms
to obtain a clear temporal separation from the P1 component,
and accounted for 99% of the variance in controls and 98% of
the variance in patients. The generator sources were localized to
extrastriate Brodmann Area 18 (Tailarach coordinates: x, ±14; y,
−74; z, 16). The N1 component was fitted to a window of 150–
180ms accounting for 96% of the variance in controls and 98% in
patients. The Ncl was fitted to a window of 250–290ms account-
ing for 98% of the variance in controls and 92% in patients.
These two components were co-localized to Brodmann Area 37
(fusiform gyrus) (Tailarach coordinates: x,±31.4; y,−50; z,−13).
CORRELATIONS BETWEEN ERP MEASURES
ERP components were collapsed across hemisphere because there
were no significant main effects or interactions with hemisphere.
For P1, correlations were performed for low and high jitter sep-
arately. For N120, N1, and Ncl, high-jitter CSD was subtracted
from low-jitter CSD because these components showed a differ-
ential response to jitter. P1 responses were significantly correlated
with the Ncl CSD difference for controls (low jitter: r = −0.44,
p = 0.02; high jitter: r = −0.41, p = 0.03) but not patients (low
jitter: r = −0.29, p = 0.2; high jitter: r = −0.35, p = 0.12). In
addition, controls showed a trend for (r = 0.36, p = 0.057) and
patients showed a significant (r = 0.48, p = 0.03) correlation
between N1 and Ncl CSD differences.
CORRELATIONS BETWEEN ERP/BEHAVIORAL AND CLINICAL
MEASURES
No significant relationships were found between any ERP com-
ponent or results on the behavioral task and CPZ equivalents
or duration of illness for patients. However, using the 5-factor
PANSS, patients showed a significant relationship between the
Cognitive (Disorganized) factor and both low-jitter behavior
(r = −0.47, n = 19, p = 0.04) and Ncl CSD (r = 0.51, n = 20,
p = 0.02), replicating past findings that poorer contour inte-
gration is related to greater disorganization in other domains
(Silverstein et al., 2000; Uhlhaas et al., 2006; Silverstein and Keane,
2011). In addition, for patients, there was a significant relation-
ship between percent correct on behavioral performance in the
low-jitter condition and Ncl (r = −0.51, p = 0.02), but not other
components.
DISCUSSION
Patients with schizophrenia have impaired visual integration abil-
ities that have been documented in more than 50 studies, span-
ning over 50 years, as demonstrated by several different research
groups, using varied tasks, and in different cultures (Snyder et al.,
1961; Izawa and Yamamoto, 2002; Chen et al., 2005; Sehatpour
et al., 2010; Silverstein and Keane, 2011). The present study used
a contour integration task that was used previously by Silverstein
and colleagues (Silverstein et al., 2006, 2009, 2012) to investigate
visual integration deficits in schizophrenia. While the contour
integration task has been extensively used and optimized for
behavioral (Silverstein and Keane, 2011; Silverstein et al., 2012),
and fMRI (Silverstein et al., 2009) studies in schizophrenia, there
have been no ERP studies that have examined the contributions
of early and later stages of processing to these deficits. The present
study examined ERP responses to low-jitter stimuli, in which
contours were easier to identify, versus high-jitter stimuli, in
which contours were more difficult to identify, to further under-
stand contributions of different stages of processing to ability to
integrate contours.
As expected, neither patients nor controls showed a differen-
tial P1 response to the low- versus high-jitter condition. The P1
component, which peaks at ∼100ms, is an early sensory compo-
nent and responds to low-level stimulus properties. Aside from
the degree of jitter, the low-level stimulus properties of the two
conditions were the same and so would not be expected to dif-
ferentially affect the P1. However, patients showed a significant
decrease in the P1 CSD response compared to controls. The
current source localization findings of the P1 dipole in extra-
striate Brodmann Area 18 are consistent with previous detailed
source localization of the dorsal P1 (Di Russo et al., 2001) and
with fMRI findings showing reduced activation to Gabor-defined
contours in extrastriate visual areas in schizophrenia (Silverstein
et al., 2009). The decreased P1 seen in the present study is also
consistent with findings from perceptual closure and illusory
contour tasks, in which P1 amplitude was similar to scrambled
versus unscrambled objects and to recognizable versus non-
recognizable illusory shapes, but was reduced in patients versus
controls (Foxe et al., 2005; Sehatpour et al., 2010). Decreased
P1 has also been seen in a number of studies of schizophre-
nia (Yeap et al., 2006; Butler et al., 2007; Haenschel et al., 2007;
Dias et al., 2011; Martinez et al., 2011), and is thought to reflect
impaired magnocellular and/or early-stage cortical processing
(Butler et al., 2007; Martinez et al., 2011). Bar and colleagues
(Bar, 2003; Kveraga et al., 2007) have suggested that the mag-
nocellular system provides a low-resolution template of stimuli
that projects to frontal cortex, which in turn is involved in top-
down contributions to object recognition. While a shape rather
than an object was shown to participants in the present study,
impairment at this early stage of processing, indexed by the P1,
may contribute to impaired ability to form a “frame” of the
contour.
TheN120 component, which peaked at 120ms, showed a small
but significant difference between low- versus high-jitter stim-
uli. This was unexpected because a component that differentiates
between levels of recognizability has not, to our knowledge, been
reported earlier than the N1 component. Controls showed a sig-
nificant effect of jitter whereas for patients, there was an almost
total lack of differentiation between the jitter conditions at this
point in processing. Thus, this component appears to represent
an early cortical process that is sensitive to differing levels of pre-
potent stimulus organization, and is impaired in patients with
schizophrenia. The time-window, orientation, and Tailarach posi-
tions of dipoles differed for P1 and N120, though a dorsal stream
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source was found for both. However, further studies are needed
to evaluate this component.
The N1 component, which peaked at∼165ms, showed a small
but significant difference in response to low- versus high-jitter
stimuli. This is consistent with previous studies showing a larger
N1 when classes of objects rather than presence or absence of
objects are required to be detected (Mangun and Hillyard, 1991;
Vogel and Luck, 2000) or when illusory contours versus non-
contour control stimuli are presented (Murray et al., 2004; Foxe
et al., 2005). However, the N1 was not diminished in patients
with schizophrenia versus controls. The N1 indexes initial activa-
tion of ventral stream object recognition areas (Sehatpour et al.,
2010). Thus, while this component appears to be sensitive to jit-
ter conditions, the initial input to the ventral stream appears to be
intact, in agreement with previous studies of visual integration in
schizophrenia (Doniger et al., 2002; Foxe et al., 2005; Sehatpour
et al., 2010).
For controls, the Ncl component, peaking at ∼270ms, was
highly divergent between the low- and high-jitter conditions,
with a much greater negativity seen to the low-jitter than high-
jitter stimuli. However, this was not the case for patients, who
showed a significantly smaller difference than controls to low-
versus high-jitter stimuli. In addition, for patients, better behav-
ioral performance in the low-jitter condition was significantly
related to a greater Ncl (i.e., a greater difference between low-
versus high-jitter CSD), suggesting that this component is impor-
tant in the actual recognition of contours. The Ncl, like the
N1, was source localized to ventral stream fusiform gyrus, and
this region was shown to be involved in contour integration
in a prior fMRI study (Silverstein et al., 2009). The intact N1
indicates that rather than intrinsic impairment in this ventral
stream area, the impaired Ncl response in patients may be due
to aberrant input from other brain areas. Indeed, the finding
of a significant correlation between P1 and Ncl in controls, but
not patients, suggests contributions of dorsal stream processes
to ventral stream object recognition, which are dysfunctional in
patients.
The present ERP results for Gabor-defined contours represent
something of a hybrid of results found for perceptual closure,
which involves actual objects (Doniger et al., 2002; Sehatpour
et al., 2010), and for illusory contours, which involves more auto-
matic shape processing (Murray et al., 2002; Foxe et al., 2005).
Similar to the present study, perceptual closure results showed
decreased P1 amplitude, a normal N1, and decreased Ncl to
scrambled versus unscrambled line drawings of objects in patients
versus controls (Doniger et al., 2002; Sehatpour et al., 2010).
The Ncl was localized to ventral stream areas in these studies.
A combined fMRI/ERP study of perceptual closure showed that
a distributed network was involved in perceptual integration such
that impaired activation of dorsal stream visual regions con-
tributed significantly to impaired frontal activation, which in turn
contributed to impaired activation of hippocampus and ventral
stream regions (Sehatpour et al., 2010). This is consistent with
a “frame and fill” model of object recognition (Bar, 2003) in
which the low-resolution template generated by the fast magno-
cellular/dorsal stream provides the “frame” for the fine-detailed
information provided by slower parvocellular visual projections
to the ventral stream. However, like the illusory contour study
(Murray et al., 2004; Foxe et al., 2005), the present study also
produced a differential N1 to easy versus difficult to identify stim-
uli, but did not differ between groups, whereas the objects used
in the perceptual closure study produced differential processing
only in the later Ncl component and not the earlier N1. Thus,
both early (i.e., N120, N1) and later (i.e., Ncl) processes appear
to differentiate between recognizability of the Gabor-defined
contours.
Using a contour integration task, which was the basis for
the task used in the present study, Silverstein and colleagues
(Silverstein et al., 2009) found a distributed network of brain
activity in controls which included greater recruitment of visual
areas V2/V3, and V4 as well as frontal and parietal areas com-
pared to schizophrenia patients in an fMRI study. Silverstein and
colleagues suggested that recruitment of anterior areas involved
in attention is partly driven by the quality of form represen-
tations constructed in the occipital lobe, and, conversely, that
extent of activation in the occipital lobe is affected by the amount
of feedback from frontal and parietal areas to visual areas to
increase the salience of the contours relative to the background
noise. They also suggested that the lack of impairment in V1
is consistent with the hypothesis that this area is involved in
smaller scale groupings (which can occur normally in schizophre-
nia). However, in regions progressively anterior to V1, grouping
occurs over increasingly larger regions of space (Angelucci et al.,
2002), and it is in these regions where processing breaks down
in the disorder. Results are consistent with areas found to be
activated in controls and non-human primates in contour inte-
gration (Kourtzi et al., 2003). While speculative, the present ERP
results suggest that the impairment in the contour integration
task, as in the perceptual closure task (Sehatpour et al., 2010), may
involve impaired input to the frontal cortex from dorsal stream
areas and subsequent impaired frontal input to ventral stream
areas.
Behavioral performance was impaired in the low-jitter con-
dition for patients versus controls in the present study. In one
previous study, performance of patients was not impaired in a
low-jitter 7–8◦ condition (Silverstein et al., 2009), whereas in sev-
eral other studies it was impaired (Kozma-Wiebe et al., 2006;
Silverstein et al., 2012). This may be partly due to prior exposure
to a 0-degree jitter condition in some of the studies, but not others
(see Silverstein and Keane, 2009; Silverstein et al., 2012). However,
it is also likely to be due to differences between studies in stimu-
lus exposure duration; in previous studies duration was 2000ms
whereas it was 250ms in the present study. This resulted in lower
levels of accuracy even for controls in the present study compared
to previous studies (Kozma-Wiebe et al., 2006; Silverstein et al.,
2009, 2012). Studies using a longer duration stimulus presenta-
tion as well as more levels of jitter would be helpful in optimizing
the ERP version of this task.
Contour integration deficits were previously found to be
related to increased disorganization and/or poor outcome
(Uhlhaas et al., 2005, 2006; Silverstein et al., 2005; Silverstein
and Keane, 2011). Using the 5-factor PANSS, the present
study showed a significant correlation between the Cognitive
(Disorganized) factor and low-jitter behavior, in agreement with
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previous findings, and extended these observations to show a
significant relationship between the Cognitive factor and Ncl in
patients. Indeed, Phillips and Silverstein (2003) suggested that
perceptual organization, including contour integration, is a low-
level manifestation of a general computational processing deficit
involving binding features that are contextually related, which
would explain links between impaired perceptual organization
and disorganized thinking as well as other cognitive impairments.
It is important to address whether a general deficit and/or
impaired motivation or attention could underlie the present
results. This does not seem likely for several reasons. While
patients performed more poorly than controls on both the low-
and high-jitter behavioral conditions, when results were ana-
lyzed including only participants who were responding at much
greater than chance levels (e.g., 70% correct on the low-jitter
condition), patients still showed a significant impairment in Ncl
compared to controls. In addition, previous studies of contour
integration have addressed this issue. For instance, Silverstein and
colleagues (Silverstein et al., 2009) found that patients still had
decreased activation in areas V2/V3 compared to controls when
they were matched to controls on accuracy. Further, as reviewed
by Uhlhaas and Silverstein (2005), 10 schizophrenia studies found
that patients performed better than controls on tasks in which
ability to group stimuli interferes with ability to respond to sin-
gle stimuli. The superior performance of patients in response to
single stimuli is strong evidence for impaired integration inde-
pendent of a general deficit. Finally, patients did not show a deficit
in the N1 component, which would have been expected if results
were due to a general deficit.
A further limitation of the study was that all patients were
receiving antipsychotic medication. However, CPZ equivalents
were not correlated with any ERP component or behavioral per-
formance. In addition, lack of relationship with medication has
been found in previous studies of contour integration and a
deficit has also been found in un-medicated patients (Silverstein
and Keane, 2011). In addition, a limitation is also that this was
a relatively small sample size and was almost completely male,
particularly in the patient group.
The present results extend previous behavioral and fMRI con-
tour integration findings to the ERP domain. Further, the current
contour integration paradigm demonstrated similar ERP signa-
tures as were found in perceptual closure studies (Doniger et al.,
2002; Sehatpour et al., 2010) as well as illusory contour studies
(Foxe et al., 2005). This may reflect both a general pattern of ERP
deficits for perceptual organization and a common impairment in
overall perceptual organization in schizophrenia. Taken together,
ERP and fMRI data from contour integration, perceptual clo-
sure, and illusory contour paradigms complement each other and
suggest that impairment in contour integration in patients with
schizophrenia occurs at early perceptual levels but also involves
higher regions of cortex. This study also provides a pilot assess-
ment of an ERP version of the contour integration task for use in
clinical trials.
ACKNOWLEDGMENTS
The authors would like to thank Gail Silipo for her critical contri-
bution to study management, Joanna DiCostanza, Rachel Ziwich,
and Jamie Sanchez for their critical contributions to patient
recruitment, assessment, and data management, and Dr. Manuel
Gomez-Ramirez for writing MATLAB scripts for determining
mean CSDs within specific latency windows. The authors also
thank the faculty and staff of the Clinical Research and Evaluation
Facility and the Outpatient Research Service at the Nathan S.
Kline Institute for Psychiatric Research. The authors thank the
two reviewers for their helpful suggestions. We also thank all the
people who participated in the study.
FUNDING
This work was supported by the National Institutes of Health
(RO1 MH084848 to Pamela D. Butler and Elisa C. Dias).
REFERENCES
Allison, T., Puce, A., Spencer, D.,
and McCarthy, G. (1999).
Electrophysiological studies of
human face perception I: potentials
generated in occipitotemporal
cortex by face and non-face stimuli.
Cereb. Cortex 9, 415–430.
Ammons, R., and Ammons, C. (1962).
The Quick Test (QT): provi-
sional manual. Psychol. Rep. 11,
111–162.
Angelucci, A., Levitt, J. B., Walton,
E. J., Hupe, J. M., Bullier, J., and
Lund, J. S. (2002). Circuits for local
and global signal integration in pri-
mary visual cortex. J. Neurosci. 22,
8633–8646.
Bar, M. (2003). A cortical mech-
anism for triggering top-down
facilitation in visual object recog-
nition. J. Cogn. Neurosci. 15,
600–609.
Bentin, S., Mouchetant-Rostaing, Y.,
Giard, M. H., Echallier, J. F., and
Pernier, J. (1999). ERP manifesta-
tions of processing printed words
at different psycholinguistic lev-
els: time course and scalp dis-
tribution. J. Cogn. Neurosci. 11,
235–260.
Butler, P. D., Chen, Y., Ford, J. M.,
Geyer, M. A., Silverstein, S. M., and




CNTRICS. Schizophr. Bull. 38,
81–91.
Butler, P. D., Martinez, A., Foxe, J. J.,
Kim, D., Zemon, V., Silipo, G., et al.
(2007). Subcortical visual dysfunc-
tion in schizophrenia drives sec-
ondary cortical impairments. Brain
130, 417–430.
Butler, P. D., Silverstein, S. M., and
Dakin, S. C. (2008). Visual per-
ception and its impairment in
schizophrenia. Biol. Psychiatry 64,
40–47.
Chen, Y. (2011). Abnormal visual
motion processing in schizophre-
nia: a review of research
progress. Schizophr. Bull. 37,
709–715.
Chen, Y., Bidwell, L. C., and Holzman,
P. S. (2005). Visual motion integra-
tion in schizophrenia patients, their
first-degree relatives, and patients
with bipolar disorder. Schizophr.
Res. 74, 271–281.
Dakin, S. C., and Hess, R. F. (1998).
Spatial-frequency tuning of visual
contour integration. J. Opt. Soc.
Am. A. Opt. Image Sci. Vis. 15,
1486–1499.
Di Russo, F., Martinez, A., and Hillyard,
S. A. (2003). Source analysis of
event-related cortical activity dur-
ing visuo-spatial attention. Cereb.
Cortex 13, 486–499.
Di Russo, F., Martinez, A., Sereno, M.
I., Pitzalis, S., and Hillyard, S. A.
(2001). Cortical sources of the early
components of the visual evoked
potential. Hum. Brain Mapp. 15,
95–111.
Dias, E. C., Butler, P. D., Hoptman, M.
J., and Javitt, D. C. (2011). Early
sensory contributions to contextual
encoding deficits in schizophrenia.
Arch. Gen. Psychiatry 68, 654–664.
Doniger, G. M., Foxe, J. J., Murrary,
M. M., Higgins, B. A., and Javitt, D.
C. (2002). Impaired visual object
recogntion and dorsal/ventral
stream interaction in schizophre-
nia. Arch. Gen. Psychiatry 59,
1011–1020.
Doniger, G. M., Foxe, J. J., Murray, M.
M., Higgins, B. A., Snodgrass, J.
G., Schroeder, C. E., et al. (2000).
Activation timecourse of ventral
visual stream object-recognition
areas: high density electrical map-
ping of perceptual closure processes.
J. Cogn. Neurosci. 12, 615–621.
Field, D. J., Hayes, A., and Hess, R. F.
(1993). Contour integration by the
human visual system: evidence for a
Frontiers in Psychology | Psychopathology March 2013 | Volume 4 | Article 132 | 10
Butler et al. Schizophrenia: electrophysiology and contour integration
local “association field”. Vision Res.
33, 173–193.
First, M. B., Spitzer, R. L., Gibbon,
M., and Williams, J. B. W. (1997).
Structured Clinical Interview for
DSM-IV Axis I Disorders - Patient
Edition. New York, NY: New York
State Psychiatric Institute.
Foxe, J. J., Murray, M. M., and
Javitt, D. C. (2005). Filling-in in
schizophrenia: a high-density elec-
trical mapping and source-analysis
investigation of illusory contour
processing. Cereb. Cortex 15,
1914–1927.
Green, M. F., Butler, P. D., Chen,
Y., Geyer, M. A., Silverstein,
S., Wynn, J. K., et al. (2009).
Perception measurement in clinical
trials of schizophrenia: promis-
ing paradigms from CNTRICS.
Schizophr. Bull. 35, 163–181.
Haenschel, C., Bittner, R. A., Haertling,
F., Rotarska-Jagiela, A., Maurer,
K., Singer, W., et al. (2007).
Contribution of impaired early-
stage visual processing to working
memory dysfunction in adoles-
cents with schizophrenia: a study
with event-related potentials and
functional magnetic resonance
imaging. Arch. Gen. Psychiatry 64,
1229–1240.
Izawa, R., and Yamamoto, S. (2002).
Spatio-temporal disintegration of
visual perception in schizophrenia
as revealed by a novel cognitive task,
the Searchlight Test. Schizophr. Res.
53, 67–74.
Kay, S. R., Fiszbein, A., and Opler, L.
A. (1987). The positive and neg-
ative syndrome scale (PANSS) for
schizophrenia. Schizophr. Bull. 13,
261–276.
Kayser, J., Tenke, C. E., Kroppmann,
C. J., Alschuler, D. M., Fekri, S.,
Gil, R., et al. (2012). A neuro-
physiological deficit in early visual
processing in schizophrenia patients
with auditory hallucinations.
Psychophysiology 49, 1168–1178.
Keane, B. P., Silverstein, S. M., Barch,
D. M., Carter, C. S., Gold, J. M.,
Kovacs, I., et al. (2012). The spatial
range of contour integration deficits
in schizophrenia. Exp. Brain Res.
220, 251–259.
Keri, S., Kelemen, O., Benedek, G.,
and Janka, Z. (2005). Lateral inter-
actions in the visual cortex of
patients with schizophrenia and
bipolar disorder. Psychol. Med. 35,
1043–1051.
Kourtzi, Z., Tolias, A. S., Altmann, C.
F., Augath, M., and Logothetis, N.
K. (2003). Integration of local fea-
tures into global shapes: monkey
and human FMRI studies. Neuron
37, 333–346.
Kozma-Wiebe, P., Silverstein, S. M.,
Feher, A., Kovacs, I., Ulhaas,
P., and Wilkniss, S. M. (2006).
Development of a world-wide web
based contour integration test.
Comput. Hum. Behav. 22, 971–980.
Kurylo, D. D., Pasternak, R., Silipo,
G., Javitt, D. C., and Butler, P.
D. (2007). Perceptual organization
by proximity and similarity in
schizophrenia. Schizophr. Res. 95,
205–214.
Kveraga, K., Boshyan, J., and Bar, M.
(2007). Magnocellular projections
as the trigger of top-down facilita-
tion in recognition. J. Neurosci. 27,
13232–13240.
Lindenmayer, J. P., Bernstein-Hyman,
R., and Grochowski, S. (1994). A
new five factor model of schizophre-
nia. Psychiatr. Q. 65, 299–322.
Mangun, G. R., and Hillyard, S. A.
(1991). Modulations of sensory-
evoked brain potentials indicate
changes in perceptual processing
during visual-spatial priming.
J. Exp. Psychol. Hum. Percept.
Perform. 17, 1057–1074.
Martinez, A., Anllo-Vento, L., Sereno,
M. I., Frank, L. R., Buxton, R.
B., Dubowitz, D. J., et al. (1999).
Involvement of striate and extras-
triate visual cortical areas in spatial
attention. Nat. Neurosci. 2, 364–369.
Martinez, A., Hillyard, S. A., Bickel,
S., Dias, E. C., Butler, P. D., and
Javitt, D. C. (2011). Consequences
of magnocellular dysfunction on
processing attended information in
schizophrenia. Cereb. Cortex 22,
1282–1293.
Murray, M. M., Foxe, D. M., Javitt,
D. C., and Foxe, J. J. (2004).
Setting boundaries: brain dynamics
of modal and amodal illusory shape
completion in humans. J. Neurosci.
24, 6898–6903.
Murray, M. M., Wylie, G. R., Higgins,
B. A., Javitt, D. C., Schroeder, C.
E., and Foxe, J. J. (2002). The spa-
tiotemporal dynamics of illusory
contour processing: combined high-
density electrical mapping, source
analysis, and functional magnetic
resonance imaging. J. Neurosci. 22,
5055–5073.
Novitskiy, N., Ramautar, J. R.,
Vanderperren, K., De Vos, M.,
Mennes, M., Mijovic, B., et al.
(2011). The BOLD correlates of
the visual P1 and N1 in single-trial
analysis of simultaneous EEG-
fMRI recordings during a spatial
detection task. Neuroimage 54,
824–835.
Pallant, J. (2007). SPSS Survival
Manual, 3rd Edn. New York, NY:
McGraw Hill, Open University
Press.
Phillips, W. A., and Silverstein, S.
M. (2003). Convergence of bio-
logical and psychological perspec-
tives on cognitive coordination in
schizophrenia. Behav. Brain Sci. 26,
65–138.
Place, E. J., and Gilmore, G. C.
(1980). Perceptual organization in
schizophrenia. J. Abnorm. Psychol.
89, 409–418.
Rosa, M. G., Palmer, S. M., Gamberini,
M., Burman, K. J., Yu, H. H., Reser,
D. H., et al. (2009). Connections of
the dorsomedial visual area: path-
ways for early integration of dorsal
and ventral streams in extrastriate
cortex. J. Neurosci. 29, 4548–4563.
Saron, C. D., Foxe, J. J., Simpson,
G. V., and Vaughan, H. G. (eds.).
(2003). Interhemispheric Visuomotor
Activation: Spatiotemporal Electro-
physiology Related to Reaction Time.
Cambridge, MA: MIT Press.
Scherg, M. (1990). “Fundamental of
dipole source analysis,” in Auditory
Evoked Magnetic Fields and Electric
Potentials, eds F. Grandori, M. Hoke
and G. L. Romani (Basel: Karger),
40–69.
Sehatpour, P., Dias, E. C., Butler, P.
D., Revheim, N., Guilfoyle, D. N.,
Foxe, J. J., et al. (2010). Impaired
visual object processing across
an occipital-frontal-hippocampal
brain network in schizophrenia:
an integrated neuroimaging study.
Arch. Gen. Psychiatry 67, 772–782.
Sehatpour, P., Molholm, S., Javitt,
D. C., and Foxe, J. J. (2006).
Spatiotemporal dynamics of human
object recognition processing: an
integrated high-density electrical
mapping and functional imag-
ing study of “closure” processes.
Neuroimage 29, 605–618.
Silverstein, S. M., All, S. D., Kasi, R.,
Berten, S., Essex, B., Lathrop, K. L.,
et al. (2010). Increased fusiform area
activation in schizophrenia dur-
ing processing of spatial frequency-
degraded faces, as revealed by fMRI.
Psychol. Med. 40, 1159–1169.
Silverstein, S. M., Bakshi, S.,
Nuernberger, S., Carpinello,
K., and Wilkniss, S. (2005).
Effects of stimulus structure and
target-distracter similarity on the
development of visual memory
representations in schizophre-
nia. Cogn. Neuropsychiatry 10,
215–229.
Silverstein, S. M., Berten, S., Essex,
B., Kovacs, I., Susmaras, T., and
Little, D. M. (2009). An fMRI
examination of visual integration in
schizophrenia. J. Integr. Neurosci. 8,
175–202.
Silverstein, S. M., Hatashita-Wong, M.,
Schenkel, L. S., Wilkniss, S., Kovacs,
I., Feher, A., et al. (2006). Reduced
top-down influences in contour
detection in schizophrenia. Cognit.
Neuropsychiatry 11, 112–132.
Silverstein, S. M., and Keane, B. P.
(2009). Perceptual organization in
schizophrenia: plasticity and state-
related change Learn. Percept. 1,
229–261.
Silverstein, S. M., and Keane, B. P.
(2011). Perceptual organization
impairment in schizophrenia and
associated brain mechanisms:
review of research from 2005 to
2010. Schizophr. Bull. 37, 690–699.
Silverstein, S. M., Keane, B. P., Barch,
D. M., Carter, C. S., Gold, J.
M., Kovacs, I., et al. (2012).
Optimization and validation
of a visual integration test for
schizophrenia research. Schizophr.
Bull. 38, 125–134.
Silverstein, S. M., Kovacs, I., Corry, R.,
and Valone, C. (2000). Perceptual
organization, the disorganization
syndrome, and context processing
in chronic schizophrenia. Schizophr.
Res. 43, 11–20.
Snyder, S., Rosenthal, D., and Taylor,
I. A. (1961). Perceptual closure
in schizophrenia. J. Abnorm. Soc.
Psychol. 63, 131–136.
Spencer, K. M., Nestor, P. G.,
Niznikiewicz, M. A., Salisbury,
D. F., Shenton, M. E., and McCarley,
R. W. (2003). Abnormal neural syn-
chrony in schizophrenia. J. Neurosci.
23, 7407–7411.
Uhlhaas, P., Phillips, W. A., and
Silverstein, S. M. (2005). The
course and clinical correlates of
dysfunctions in visual perceptual
organization in schizophrenia
during the remission of psychotic
symptoms. Schizophr. Res. 72,
183–192.
Uhlhaas, P. J., Phillips, W. A., Mitchell,
G., and Silverstein, S. M. (2006).
Perceptual grouping in disorganized
schizophrenia. Psychiatry Res. 145,
105–117.
Uhlhaas, P. J., and Silverstein, S. M.
(2005). Perceptual organization in
schizophrenia spectrum disorders:
empirical research and theoreti-
cal implications. Psychol. Bull. 131,
618–632.
Vogel, E. K., and Luck, S. J. (2000).
The visual N1 component as an
index of a discrimination process.
Psychophysiology 37, 190–203.
Whitford, T. J., Kubicki, M., Ghorashi,
S., Schneiderman, J. S., Hawley, K.
J., McCarley, R. W., et al. (2011).
Predicting inter-hemispheric
transfer time from the diffusion
properties of the corpus callo-
sum in healthy individuals and
schizophrenia patients: a combined
www.frontiersin.org March 2013 | Volume 4 | Article 132 | 11
Butler et al. Schizophrenia: electrophysiology and contour integration
ERP and DTI study. Neuroimage 54,
2318–2329.
Yeap, S., Kelly, S. P., Sehatpour, P.,
Magno, E., Javitt, D. C., Garavan,
H., et al. (2006). Early visual sen-
sory deficits as endophenotypes for
schizophrenia: high-density electri-
cal mapping in clinically unaffected
first-degree relatives. Arch. Gen.
Psychiatry 63, 1180–1188.
Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.
Received: 31 January 2013; accepted: 03
March 2013; published online: 21 March
2013.
Citation: Butler PD, Abeles IY, Silverstein
SM, Dias EC, Weiskopf NG, Calderone
DJ and Sehatpour P (2013) An event-
related potential examination of con-
tour integration deficits in schizophrenia.
Front. Psychol. 4:132. doi: 10.3389/fpsyg.
2013.00132
This article was submitted to Frontiers in
Psychopathology, a specialty of Frontiers
in Psychology.
Copyright © 2013 Butler, Abeles,
Silverstein, Dias, Weiskopf, Calderone
and Sehatpour. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License,
which permits use, distribution and
reproduction in other forums, provided
the original authors and source are cred-
ited and subject to any copyright notices
concerning any third-party graphics etc.
Frontiers in Psychology | Psychopathology March 2013 | Volume 4 | Article 132 | 12
